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Abstract
Objective—To examine the clinical and
epidemiological utility of the concepts of
metabolic syndrome and insulin resist-
ance syndrome in two prospective cohort
studies of white men.
Methods—Men aged 45–63 years were
screened for evidence of ischaemic heart
disease (IHD) between 1979 and 1982 and
followed up at regular intervals thereafter.
Non-fatal coronary events were validated
from hospital records and fatal coronary
events from death certificates.
Results—Analysis of serum insulin con-
centrations in non-diabetic individuals
measured at entry to the study showed no
independent contribution to the predic-
tion of subsequent IHD at 10 year follow
up. Blood glucose concentrations, how-
ever, showed a small independent contri-
bution in the combined cohort in the
upper fifth of the distribution. Three
diVerent models of metabolic syndrome
among non-diabetic individuals were de-
fined based on tertiles, medians, and clus-
ters. The predictive value of each model
was assessed using logistic regression
before and after adjustment for conven-
tional and metabolic risk factors. After
adjustment the odds were non-significant
and close to unity.
Conclusions—This study did not detect
any complex relation among the five vari-
ables defining metabolic syndrome; the
excess risk seems to be no greater than
can be explained by individual eVects of
the defining variables in amultiple logistic
model.
(Heart 1998;79:248–252)
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Hyperinsulinaemia, insulin resistance, and
cardiovascular risk factors, such as dyslipidae-
mia, hypertension, and obesity,1 2 are closely
linked with non-insulin dependent diabetes
mellitus.3–8 Reaven9 has suggested that insulin
resistance labelled as metabolic syndrome may
occur in up to 25% of the normal population.
We examined evidence for the existence of this
syndrome in two general population based
cohorts of British men. Previous studies of
insulin10 (Caerphilly cohort) and glucose11

(Caerphilly and Speedwell cohorts) were based
on five year follow up of these populations.

These analyses have been combined and
extended in a 10 year follow up.

Methods
STUDY POPULATIONS

Men were selected from a defined area in
Caerphilly. They were aged between 45 and 59
years when first examined. A total of 2512
(89%) of 2818 men eligible for study were
seen. In Speedwell men were selected from the
age sex registers of 16 general practitioners
working from two neighbouring health centres.
The men were between 45 and 59 years of age
when chosen, immediately before the study
started. They were aged between 45 and 63
years when first examined. A total of 2348
(92%) of 2552 men eligible for study were
seen. The total number of men for the
combined cohort was 4860.

SURVEY METHODS AND FOLLOW UP

The two studies had a common core protocol
and procedures, which have been described
elsewhere.10–12 Briefly, at recruitment, the men
attended an afternoon or evening clinic at
which they completed a standard medical and
smoking history, and the London School of
Hygiene and Tropical Medicine chest pain
questionnaire. Height, weight, and blood pres-
sure were also measured and a 12 lead electro-
cardiogram (ECG) recorded. The men were
asked whether they had ever been diagnosed as
having diabetes. They returned, after an
overnight fast, to an early morning clinic where
a blood sample was taken with minimal venous
stasis. Fasting samples were obtained from
4641 men. The results reported refer to the
second follow up in Caerphilly. This was at a
nearly constant interval of mean (SD) 120 (6)
months. The results in Speedwell relate to the
third follow up and the mean (SD) interval was
112 (3) months. The chest pain questionnaire
was administered at follow up and a second
ECG recorded. The questionnaire was ex-
tended to include questions about hospitalisa-
tion for severe chest pain. These, together with
hospital activity analysis notifications of admis-
sions coded as 410–414—ischaemic heart dis-
ease (IHD) in the International classification of
diseases, (9th revision) (ICD-9)—were used as
the basis for a search of hospital notes for
events that satisfied the World Health
Organisation (WHO) criteria for definite acute
myocardial infarction. A copy of the death cer-
tificate of men who died before the end of fol-
low up was automatically received from the
National Health Service Central Register. This
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information enabled three categories of inci-
dent IHD events to be defined: IHD death
(cause of death coded as 410–414 in the ICD-
9); clinical non-fatal myocardial infarction (an
event satisfying WHO criteria); and electrocar-
diographic myocardial infarction (major or
moderate Q/QS waves, Minnesota codes 1-1-1
to 1-2-5 or 1-2-7 on any follow up ECG when
there were no Q/QS waves, Minnesota codes
1-1-any, 1-2-any, or 1-3-any on the recruitment
ECG). ECGs were read by experienced
observers. The same observers read, independ-
ently, baseline and follow up ECGs for both
studies. A major IHD event was defined as one
or more of the three possible outcomes
described.

LABORATORY METHODS

Blood samples were taken with minimum hae-
mostasis after an overnight fast. Methods for
the determination of fasting insulin, glucose,
and lipid variables have been reported
elsewhere.10 11 Insulin was measured only in
samples from the Caerphilly cohort.10

STATISTICAL METHODS

Assessment of the nature of the interrelations
among the variables used to define metabolic
syndrome was performed using log linear
models for multidimensional contingency
tables.13 In these models the results on each of
the variables for any man were simply consid-
ered as being above or below a cut oV. An
analysis involving n variables therefore gives
rise to a contingency table with 2n cells. The
number of men assessed as having the
syndrome—that is, values of each variable
above the cut oV, is given by the entry in one
cell of the contingency table and may be com-
pared to the number predicted by models
specifying various patterns of association
among the variables. A ÷2 statistic provides a
test of the goodness of fit of a model to the
actual pattern of association observed among
the variables across the whole contingency
table. Cluster analysis was performed using a

non-hierarchical K means algorithm. This
method clusters men into a prespecified
number,K, of groups the composition of which
is not initially known. After specifying a
suitable centre for each cluster, each man is
assigned to the cluster in which the centre is
closest. When all men have been assigned, the
cluster centres are recalculated. The assign-
ment then takes place again, typically resulting
in some men being reassigned to a diVerent
cluster. This process is repeated until there is
convergence. Here, the number of groups was
preset at two (K = 2), and closeness to a clus-
ter centre was defined using Euclidean distance
calculated with the variables standardised to
zero mean and unit variance. Insulin and total
triglyceride concentrations were log trans-
formed before standardising. In anticipation of
two clusters of unequal size, the initial cluster
centres were placed at values of 0.00 and 1.645
for each of the standardised variables, corre-
sponding roughly to the 50th and the 95th
centiles of the distributions. Analysis of events
during follow up was performed using multiple
logistic regression with the occurrence, or not,
of a major IHD event as the principal outcome
variable. Men with evidence of IHD when first
examined were not excluded from the analyses
but their increased risk was allowed for by
including pre-existing IHD as a factor in the
regression model. In this instance a broad epi-
demiological definition of pre-existing IHD
was used: men with severe chest pain and/or
angina on the chest pain questionnaire and/or
probable or possible ECG ischaemia according
to Whitehall criteria.14 Death from any cause
was also analysed as a separate outcome
variable. Any diVerence in incidence between
the two study areas—for example, arising from
their slightly diVerent lengths of follow up, was
allowed for by including area as a two level fac-
tor in the logistic model. The assumption that
IHD risks associated with independent vari-
ables in the two areas were parallel on the logit
scale was tested by including interactions with
area in the model. None was statistically
significant. No time to event was available for
incidence cases of IHD defined by significant
changes in the Minnesota ECG codes. Time to
event analyses were not performed for this rea-
son and because the average length of follow up
was nearly constant within each area.

DIABETIC MEN

Ninety four men said that diabetes was
diagnosed by their general practitioner or a
consultant physician before our baseline
examination. An additional 53 individuals had
fasting glucose concentrations of 7.8 mmol/l,
which is the threshold value presently used by
the WHO15 to define diabetes. Diabetic men as
defined earlier were excluded from further
analyses.

Results
Analyses are based on 4197 of 4462 non-
diabetic men in the combined cohort who had
a complete set of data relevant to risk of IHD,
with the possible exception of insulin. A total
of 527 of 4197 men died and there were 492

Table 1 Partial correlation coeYcients (adjusted for age) between selected variables in
non-diabetic subjects from Caerphilly and Speedwell (n = 4197)

Log triglyceride Body mass index Glucose
Diastolic blood
pressure

Log insulin 0.44/– 0.39/– 0.32/– 0.17/–
Log triglyceride 0.27/0.25 0.14/0.11 0.16/0.11
Body mass index 0.23/0.22 0.28/0.25
Glucose 0.09/0.14

Table 2 Summary of log linear models fitted to metabolic variables to predict the number
of men with metabolic syndrome

Four variable model
(combined cohort)

Five variable model
(Caerphilly cohort)

Tertiles Medians Tertiles Medians

Total men 4197 4197 1896 1896
Actual number of men with
metabolic syndrome according to
definition 154 463 50 167

Number of men with metabolic
syndrome predicted by pairwise
association model 154.4 466.9 55.8 177.7

Lack of fit test for pairwise
association model ÷2 statistic 3.7 9.3 18.2 22.3

df 5 5 16 16
p value 0.60 0.10 0.31 0.13
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incident IHD events. In the Caerphilly cohort
there were 1896 non-diabetic men with insulin
results among whom there were 223 deaths
and 221 incident IHD events. Metabolic syn-
drome has been defined using diVerent
variables but we constructed two versions to
simplify subsequent analyses: one included
five variables—namely, insulin, glucose, trigly-
ceride, body mass index, and diastolic blood
pressure; and the other excluded insulin,
which was not measured in the Speedwell
cohort. Table 1 shows association among the
variables in the non-diabetic population. The
correlation coefficients given separately for the
two cohorts are very similar.
Three empirical definitions of metabolic

syndrome were made. Tertiles: men had to be
in the top third of the distribution of each of the
variables. There were 154 men (3.7%)
(n = 4197) with four metabolic variables and
50 (2.6%) (n = 1896) with five. Medians: men

had to be in the top half of the distribution of
each variable. There were 463 (11.0%) men
(n = 4197) with four metabolic variables and
167 (8.8%) (n = 1896) with five. Clusters: the
clustering algorithm with four variables gave a
metabolic syndrome cluster of 1876 (45%) of
4197 men, while with five variables there was a
cluster of 860 (45%) of 1896 men. Both
clusters were characterised by high values for
each variable. The composition of the clusters
changed only slightly when diVerent initial
cluster centres were specified. Log linear model
analysis to investigate the pattern of association
among variables defining the syndrome was
applied using both the tertile and the median
cut oV points obtained in the first two
definitions of the syndrome. When four
metabolic variables were used to define the
syndrome a contingency table with 24 = 16
cells was obtained. A model specifying inde-
pendence of the four variables was first fitted.
Not surprisingly, in light of the associations
shown in table 1, there was very poor fitting of
the data with this model, giving highly
significant lack of fit tests and grossly under-
predicting the number of men with the
syndrome.
A more relevant model specifying no more

complicated interrelations among variables
than association between each pair was fitted
(first two columns of table 2). The data fitted
well with this model and enabled prediction of
the number of men with the syndrome, which
accorded closely with the observed number.
When five variables were used to define the
syndrome a contingency table with 25 = 32
cells was obtained and findings from the analy-
sis were similar (final two columns of table 2).
To assess the relative predictive value and

independence of glucose, insulin, and other
risk factors multiple logistic regression analyses
were performed separately for each cohort and
for the combined cohort. Glucose was meas-
ured in both cohorts but insulin was measured
only in the Caerphilly cohort. The following
variables were included as potential confound-
ers: age, smoking habit (never, ex or current),
pre-existing IHD, diastolic blood pressure,
body mass index, total cholesterol, high density
lipoprotein cholesterol, and log triglyceride.
Table 3 shows the relative odds of incident
IHD by 10 year follow up by increasing fifths of
the insulin distribution in the Caerphilly
cohort. A significant trend is shown in univari-
ate analysis but adjustment for potential
confounder variables shows that fasting serum
insulin concentrations no longer make a statis-
tically significant independent contribution to
the risk of an IHD event. The exclusion of glu-
cose from the model increased the size of the
relative odds marginally but no trend was
detectable.
Table 4 shows data for glucose for the com-

bined cohort. Although there is a significant
relation between glucose and incident IHD,
this eVect is confined to the top 20% of the
glucose distribution. Table 5 subdivides the
upper three fifths of the glucose distribution by
arbitrary units (from 4.8 mmol/l). An associ-
ation between glucose and incident IHD is

Table 3 Relative odds of incident ischaemic heart disease by fifths of insulin distribution in
non-diabetic men in the Caerphilly cohort (n = 1896)

Insulin range (mU/l)
Men
(n)

Events
(n)

Relative odds

Age adjusted only (95%CI) Multivariate*

< 3.0 403 32 1.00 1.00
3.1–4.6 368 39 1.45 (0.88, 2.37) 1.34 (0.81, 2.23)
4.7–6.5 369 45 1.68 (1.04, 2.71) 1.49 (0.90, 2.45)
6.6–10.0 390 53 1.95 (1.22, 3.11) 1.47 (0.90, 2.42)
10.1– 366 52 2.05 (1.28, 3.27) 1.27 (0.75, 2.17)
Total 1896 221
Heterogeneity test ÷2 = 11.9, ÷2 = 3.29,

4 df, p = 0.01 4 df, p = 0.51
Trend test ÷2 = 10.8, ÷2 = 0.79,

1 df, p = 0.001 1 df, p = 0.37

*Included in multivariate model are: age, pre-existing IHD, smoking habit, diastolic blood pres-
sure, total and HDL cholesterol, log triglyceride, and glucose.

Table 4 Relative odds of incident ischaemic heart disease by fifths of glucose distribution in
non-diabetic men in combined cohort (Caerphilly and Speedwell)

Relative odds

Glucose range
(mmol/l) Men (n) Events (n)

Age adjusted only
(95% CI) Multivariate*

< 4.4 827 85 1.00 1.00
4.5–4.7 948 101 1.02 (0.75, 1.38) 0.95 (0.69, 1.31)
4.8–4.9 775 75 0.91 (0.65, 1.26) 0.81 (0.58, 1.14)
5.0–5.2 882 103 1.11 (0.82, 1.51) 1.01 (0.73, 1.38)
5.3–7.7 765 128 1.65 (1.23, 2.22) 1.39 (1.02, 1.90)
Total 4197 492
Heterogeneity test ÷2 = 19.6 ÷2 = 12.6

4 df, p = 0.0006 4 df, p = 0.01
Trend test ÷2 = 12.1 ÷2 = 4.87

1 df, p = 0.0005 1 df, p = 0.03

*Included in the multivariate model are: age, pre-existing IHD, smoking habit, diastolic blood
pressure, total and HDL cholesterol, log triglyceride, and area factor (Caerphilly v Speedwell).

Table 5 Relative odds of incident ischaemic heart disease by four graded cut oV points of
glucose in non-diabetic men in combined cohort (Caerphilly and Speedwell)

Relative odds

Glucose range
(mmol/l) Men (n) Events (n)

Age adjusted only
(95% CI) Multivariate*

< 4.7 1775 186 1.00 1.00
4.8– 2131 253 1.12 (0.91, 1.37) 1.03 (0.84, 1.28)
5.8– 246 40 1.57 (1.08, 2.28) 1.32 (0.90, 1.95)
6.8–7.7 45 13 3.24 (1.66, 6.31) 2.56 (1.27, 5.17)
Total 4197 492
Heterogeneity test ÷2 = 14.4 ÷2 = 7.77

3 df, p = 0.006 3 df, p = 0.05
Trend test ÷2 = 10.5 ÷2 = 4.20

1 df, p = 0.001 1 df, p = 0.04

*Included in the multivariate model are: age, pre-existing IHD, smoking habit, diastolic blood
pressure, total and HDL cholesterol, log triglyceride, and area factor (Caerphilly v Speedwell).
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detectable at 5.8 mmol/l, but the association is
stronger and significant in both univariate and
multivariate analysis at 6.8 mmol/l. In this
population of non-diabetic individuals ap-
proximately 7% of men have glucose concen-
trations of 5.8 mmol/l or more and 1% have
levels of 6.8 mmol/l or greater. Table 6 shows
the ability of these three definitions of meta-
bolic syndrome to predict an IHD event during
follow up for the combined cohort. The relative
odds of incident IHD associated with presence
of the syndrome is statistically significant but is
reduced to non-significance when all compo-
nents of the syndrome and standard IHD risk
factors are added to the models. These data
suggest that, although the syndrome may be
helpful in defining a group with an increased
risk of IHD, this increase is no greater than
would be expected on the basis of the increases
in risk associated with individual variables
defining the syndrome. Table 7 shows that
similar findings were obtained using the Caer-
philly data with insulin included in the
definition.

Discussion
The purpose of the present study was to exam-
ine the clinical and epidemiological utility of
the concept of metabolic syndrome or insulin
resistance syndrome among non-diabetic indi-
viduals. In our study populations undiagnosed
diabetic individuals with fasting blood glucose
values of 7.8 mmol/l were also excluded.
Several variables included in previous defini-
tions of metabolic syndrome were considered
(table 1) and showed moderately strong
intercorrelation. Log linear modelling of the
two arbitrary definitions of metabolic syn-

drome (all individuals with a complete set of
variables in the upper third or half of the distri-
butions respectively) (table 2) suggested that
simple pair wise association of these variables
was suYcient to explain these associations;
there was no evidence of any complex interre-
lation among variables.
Cluster analyses were carried out to define

metabolic syndrome in a less arbitrary and
possibly more physiologically relevant manner.
For four and five variable analyses 45% of men
were assigned to a cluster that was character-
ised by higher mean values for each of the
defining variables, these men were regarded as
having metabolic syndrome. As in previous
analyses, adjustment for individual risk factors
removed the excess risk associated with meta-
bolic syndrome defined in this way. These data
support the findings of the five year follow up
that indicate that a raised serum insulin
concentration, a marker for insulin resistance,16

is not an independent risk factor for IHD in
non-diabetic individuals. A threshold eVect for
non-fasting insulin concentrations was re-
ported for a specific insulin assay in the British
regional heart study.17 We also reviewed other
studies that investigated insulin as a risk factor
for IHD, some of which had a positive
relation,18–23 while others had no independent
relation with subsequent IHD.24–30

Blood glucose concentrations, however,
show an overall significant association with
subsequent IHD but the eVect is confined to
the top 7% of the non-diabetic population. The
Whitehall study also reported a threshold effect
for glucose and subsequent IHD.31 The Ameri-
can Diabetes Association and the WHO have
recently been considering a redefinition of
non-insulin dependent diabetes mellitus.32 Our
data tend to support the suggestion33 that the
definition based on fasting blood glucose
should be reduced from 7.8 mmol/l or greater
to 7.0 mmol/l or more, as individuals with fast-
ing glucose concentrations of more than
6.8 mmol/l are at increased risk of subsequent
IHD at 511 or 10 year follow up.
Various models of insulin resistance have

been proposed,34 35 and we have shown that a
simple model based on the product of fasting
insulin and glucose does not carry an increased
risk of subsequent IHD in the Caerphilly
cohort.36

This study has attempted to examine a clus-
ter of variables frequently cited as components
of metabolic syndrome.37 Our definitions are
arbitrary but cover a range of possibilities;
using these definitions there is no suggestion of
a complex relation among these variables that
would justify definition of a separate disease
entity. Our definition of metabolic syndrome
did not include high density lipoprotein
cholesterol but including this factor made no
diVerence to the outcome. There remains,
however, the possibility that diVerent compo-
nents of the syndrome may be more relevant
than others to a biological/pathological defini-
tion of a syndrome. In other clinically defined
syndromes—for example, Paterson-Kelly syn-
drome (post-cricoid web and dysphagia associ-
ated with iron deficiency anaemia) population

Table 6 Relative odds of incident ischaemic heart disease for three definitions of the
metabolic syndrome in non-diabetic men from the combined cohort (n = 4197)

Definition of metabolic syndrome (number of men aVected)

Tertiles
(n = 154)

Medians
(n = 463)

Clusters
(n = 1876)

Metabolic syndrome only 2.40 (1.63, 3.53) 1.81 (1.40, 2.34) 1.90 (1.57, 2.30)
Metabolic syndrome adjusted for
age only 2.42 (1.64, 3.57) 1.81 (1.40, 2.34) 1.92 (1.58, 2.33)

Metabolic syndrome adjusted for
standard risk factors* 1.87 (1.24, 2.81) 1.46 (1.12, 1.92) 1.58 (1.29, 1.94)

Metabolic syndrome adjusted for
standard and metabolic
syndrome risk factors† 1.13 (0.72, 1.78) 0.94, (0.68, 1.30) 1.07 (0.78, 1.46)

* Standard risk factors: age, pre-existing IHD, smoking, total and HDL cholesterol.
†Metabolic syndrome risk factors: triglyceride, glucose, diastolic blood pressure, body mass index.

Table 7 Relative odds of incident ischaemic heart disease for three definitions of the
metabolic syndrome in non-diabetic men from the Caerphilly cohort (n = 1896)

Definition of metabolic syndrome (number of men aVected)

Tertiles
(n = 50)

Medians
(n = 167)

Clusters
(n = 860)

Metabolic syndrome only 2.20 (1.11, 4.36) 1.60 (1.04, 2.47) 1.81 (1.36, 2.41)
Metabolic syndrome adjusted for
age only 2.19 (1.10, 4.37) 1.62 (1.05, 2.50) 1.85 (1.39, 2.46)

Metabolic syndrome adjusted for
standard risk factors* 1.81 (0.88, 3.70) 1.30 (0.83, 2.04) 1.66 (1.22, 2.25)

Metabolic syndrome adjusted for
standard and metabolic
syndrome risk factors† 0.96 (0.43, 2.14) 0.76 (0.45, 1.29) 1.24 (0.78, 1.96)

*Standard risk factors: age, pre-existing IHD, smoking, total and HDL cholesterol.
†Metabolic syndrome risk factors: insulin, triglyceride, glucose, diastolic blood pressure, body
mass index.
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data have led to redefinition of components of
the syndrome.38

Further analyses using diVerent components
of a possible syndrome may provide alternative
evidence for the existence of such a syndrome
in non-diabetic individuals but are beyond the
scope of the present study. For example, we did
not measure waist:hip ratio, which may provide
a measure of abdominal obesity.39 This may be
more closely associated with metabolic syn-
drome than an overall measure of body mass
index such as that used in this study. Further
studies will be required to test these hypoth-
eses.

We thank Dr Tom Trinick for his helpful suggestions and Pro-
fessor Vincent Marks for the insulin assays.
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